Background: Rectal cancer is one of the most common cancers in the world. Early detection and early therapy are important for the control of death caused by rectal cancer. The present study aims to investigate the genomic alterations in rectal adenoma and carcinoma. Methods: We detected the genomic changes of 8 rectal adenomas and 8 carcinomas using array CGH. Then 14 genes were selected for analyzing the expression between rectal tumor and paracancerous normal tissues as well as from adenoma to carcinoma by real-time PCR. The expression of GPNMB and DIS3 were further investigated in rectal adenoma and carcinoma tissues by immunohistochemistry.
Background
Rectal cancer is the 5th leading cause of cancer-related death and its incidence is increasing at a rate of 4.2% per year in China [1] . Early detection and early therapy are important for the control of death caused by rectal cancer.
The majority of epithelial cancers arise through a stepwise progression from normal cells, through dysplasia, into malignant cells that have invasive and metastatic potential. The classic example of this process is the colorectal adenoma to carcinoma progression [2, 3] . Genomic aberrations are found frequently in cancers and are believed to contribute to initiation and progression of cancer by deletion-induced down-expression of tumor suppressor genes or amplification and activation of oncogenes. In colorectal cancer the most frequent chromosomal aberrations were gains at 7p, 7q, 8q, 13q, and 20q and losses of 1p, 4p, 4q, 5q, 8p, 14q, 15q, 17p and 18q [4] [5] [6] [7] [8] [9] . In particular, 8q, 13q and 20q gains and 8p, 15q and 18q losses are linked with colorectal adenoma to carcinoma progression. However, most of published reports are focused on colon cancer. Little information is available concerning the genomic aberrations of rectal carcinoma, especially DNA copy number changes in the progression from adenoma to tumor.
In the present study, we investigated the genomic aberrations of rectal adenoma and carcinoma by oligonucleotide-based array CGH, and identified common and different alterated chromosome regions between rectal adenoma and carcinoma. Then the expression of 15 genes at selected chromosome regions above was analyzed by real-time PCR or immunohistochemistry.
Methods

Patients and samples
Biopsy tissues from 22 rectal adenoma patients and 36 rectal carcinoma patients were collected by the Department of Endoscopy, Cancer Hospital, Peking Union Medical College and Chinese Academy of Medical Sciences, Beijing, China. Biopsy samples were obtained by colonoscopy and stored at −80°C. Definitive pathological result from a biopsy was obtained at a later clinical course. An experienced pathologist confirmed that normal cell content of all the samples was less than 40% by HE staining. All the samples used in this study were residual specimens after diagnosis sampling. And all patients signed separate informed consent forms for sampling and research. The clinicopathological characteristics of the patients in array CGH assay are summarized in Table 1 .
Genomic DNA extraction and array-based CGH Genomic DNA was isolated from tumor tissues using the Qiagen DNeasy Blood & Tissue Kit as described by the manufacturer (Qiagen, Hilden, Germany).
Array CGH experiments were performed using standard Agilent protocols (Agilent Technologies, Santa Clara, CA). Commercial human genomic DNA (PROMEGA, Warrington, UK) was used as reference. For each CGH hybridization, 500 ng of reference genomic DNA and the same amount of tumor DNA were digested with Alu I and RSA I restriction enzyme (PROMEGA, Warrington, UK).
The digested reference DNA fragments were labeled with cyanine-3 dUTP and the tumor DNA with cyanine-5 dUTP (Agilent Technologies, Santa Clara, CA). After clean-up, reference and tumor DNA probes were mixed and hybridized onto Agilent 44K human genome CGH microarray (Agilent) for 40 h. Washing, scanning and data extraction procedures were performed following standard protocols.
Array CGH data set is available at Gene Expression Omnibus (GEO) http://www.ncbi.nlm.nih.gov/geo/ [10] , accession number GSE34472.
Microarray data analysis
Microarray data were analyzed using Agilent Genomic Workbench (Agilent Technologies, Santa Clara, CA) and MD-SeeGH (www.flintbox.ca). The Aberration Detection Method 2 algorithm with threshold at 6 (Agilent Genomic Workbench) was applied to identify common genomic aberrations. Mean Log2 ratio of all probes in a chromosome region between 0.125 and 0.5 was classified as genomic gain, > 0.5 as high-level DNA amplification, < −0.125 as hemizygous loss, and < −0.5 as homozygous deletion. Minimal regions of gains or losses in our study defined as the smallest overlapping aberrant chromosomal regions identified by Agilent Genomic Workbench. Frequency plot comparison method (MD-SeeGH) was used to compare frequency of DNA copy number changes between rectal adenoma and carcinoma.
Total RNA extraction and real-time PCR Total RNA was isolated from tissues using the RNeasy Mini Kit as described by the manufacturer (Qiagen, Hilden, Germany).
The PCR reactions were performed in a total volume of 20 μl, including 10 μl of 2 X SYBR W Green PCR Master Mix (Applied Biosystems, Warrington, UK), 2 μl of cDNA (5 ng/μl), 1 μl of primer mix (10 μM each). The PCR amplification and detection were carried out in a 7300 Real Time PCR System (Applied Biosystems) for 45 cycles, each with 15 s at 95°C, 1 min at 60°C, and initial denaturation with 10 min at 95°C. The relative gene expression was calculated using the comparative CT Method [11] . The copy number of the target gene normalized to an endogenous reference (GAPDH), and relative to calibrator was given by the formula 2 − ΔΔCt. ΔCT was calculated by subtracting the average GAPDH CT from the average CT of the gene of interest. The ratio defines the level of relative expression of the target gene to that of GAPDH.
Immunohistochemical staining
Formalin-fixed, paraffin-embedded specimens of rectal adenoma and carcinoma were detected in immunohistochemistry assay. Tissues of each case were repeated for three times. The slides were deparaffinized, rehydrated, immersed in 3% hydrogen peroxide solution for 10 min, heated in citrate buffer (pH 6) for 25 min at 95°C, and cooled for 60 min at room temperature. The slides were blocked by 10% normal goat serum for 30 min at 37°C and then incubated with rabbit polyclonal antibody against DIS3 (PTGLab), rabbit polyclonal antibody against GPNMB (PTGLab) overnight at 4°C. After being washed with PBS, the slides were incubated with biotinylated secondary antibody (diluted 1:100) for 30 min at 37°C, followed by streptavidinperoxidase (1:100 dilution) incubation for 30 min at 37°C . Immunolabeling was visualized with a mixture of 3,3'-diaminobenzidine solution. Counterstaining was carried out with hematoxylin.
Expression level was determined on the basis of staining intensity and percentage of immunoreactive cells. Negative expression (score = 0) was no or faint staining, or moderate to strong staining in <25% of cells. Weak expression (score = 1) was a moderate or strong staining in 25% to 50% of cells. And strong expression (score = 2) was > 50% of the cells with strong staining. Weak expression and strong expression defined as positive staining.
Statistical analysis
Statistical analyses were conducted using the Student's ttest and performed with the statistical software SPSS 15.0. The differences were judged as statistically Figure 1 Genome-wide frequency plot of rectal adenoma (A) and adenocarcinoma (B) in array CGH assay. Line on the right of 0%-axis: gain; Line on the left of 0%-axis: loss.
significant when the corresponding two-sided P value were <.05.
Results
Recurrent copy number alterations in rectal adenoma and carcinoma detected by array CGH Seven out of eight adenomas and all of carcinomas had genomic aberrations. More alterations were observed in patients of rectal cancer than adenoma, and the numbers of changes were 39.13±20.48 and 14.3±6.164, respectively (Additional file 1: Figure S1 ). Array CGH results showed that the most frequent copy number alterations in rectal adenoma were gains of 7p21. Figure 1A , Tables 2 and 3 ). And the most common genetic aberrations in rectal carcinoma were gains of 7p21.3-p15.3, 7p15.3-p14.1, 7p14.1-p13, 7p13-p11.2, 13q13.1-q14.11,  13q21.1-q32.1, 13q32.1-q34, 20p11. (Figure 2 , Tables 2 and 3 ).
Candidate target genes of interesting gains and losses
Further, we selected 14 genes of 1q, 6p, 7p, 13q, 18q and 20q to analyze the mRNA expression by realtime PCR (Table 4 ). Array CGH found that copy Note: The number of rectal adenoma and adenocarcinoma in Array CGH study are both 8 cases.
number increase of GPNMB (7p15.2), OXGR1 (13q32.1), C13orf27 (13q32.2-q34), PMEPA1 (20q13.31), PHACTR3 (20q13.32) and decrease of SMAD4 (18q21.2), BCL2 (18q21.33) occurred in both rectal adenoma and carcinoma. Our real-time PCR results showed that C13orf27 and PMEPA1 were overexpressed in rectal cancer tissues comparing with paracancerous normal tissues. BCL2 and SMAD4 were underexpressed in tumor tissue ( Figure 3A) . And the expression level of C13orf27 and GPNMB was significantly higher in cancer tissues than rectal adenoma tissues ( Figure 3B ).
Copy number increase of EFNA1 (1q22), PTGS2 (1q31.1), KDM5B (1q32.1), ESRRG (1q41), KIFC1 (6p21.32), PBX2 (6p21.32) and SOX4 (6p22.3) were only detected in rectal cancer in array CGH. Among them, EFNA1 had increased expression in carcinoma compared with adenoma, and KIFC1 had an upward trend but not significant in statistical analysis ( Figure 4A ). Of these genes KIFC1 and SOX4 were also significantly overexpressed in rectal tumor tissues than paracancerous tissues ( Figure 4B) .
We also analyzed the protein expression of GPNMB (7p15.2) and DIS3 (13q22.1) by immunohistochemistry. Of all six detected rectal adenoma tissues, GPNMB and DIS3 had no expression. In twenty rectal cancer tissues, GPNMB and DIS3 were positively stained in six and five cases, respectively ( Figure 5 ).
Discussion
In the past decades, a number of genomic changes were found in colorectal adenoma and carcinoma, but the target genes are limited and molecular mechanism of adenoma to carcinoma progression is still unknown. Previous studies found that 8q, 13q and 20q gains and 8p, 15q and 18q losses are linked with colorectal adenoma to carcinoma progression [4] [5] [6] [7] [8] [9] . Our study narrowed down the gain regions to 13q13.1-q14.11, 13q21.1-q32.1, 13q32.2-q34 and 20q11.23-q12 and the loss regions to 18q11.2. Furthermore, gains of 7p21.3-p15.3 and 7q22.3-q32.1 and losses of 17p13.1-p11.2, 18p11.32-p11.21 were also found in both rectal adenoma and carcinoma.
Our study also showed that some genomic aberrations were present in rectal tumor but not in adenoma. They are gains of 1q and 6p21.33 and losses of 10p14-p11.21, 14q12-q21.1, 14q22.1-q24.3, 14q31.3-q32.1, 14q32.2-q32.32, 15q15.1-q21.1, 15q22.31 and 15q25.1-q25.2. These aberrations occurred at the later stages of rectal carcinogenesis, and may contribute the progression from adenoma to carcinoma.
Identifying the candidate targets underlying the genomic aberrations was important for understanding the mechanism of carcinogenesis. Carvalho et al. found that the overexpressions of C20orf24, AURKA, RNPC1, TH1L, ADRM1, C20orf20 and TCRL5 in carcinomas compared with adenomas were correlated with 20q gain [4] . Habermann et al. showed that copy number changes of 7q, 8p, 8q, 13q, 18p, 18q, 20p and 20q deregulated the average expression levels of the genes on these chromosome arms [12] . However, most of samples detected in these reports were colon cancer which had some different genomic aberrations compared with rectal cancer [13] , expression-dysregulated genes in the carcinogenesis of rectum were still limited. By literature analyses, we selected 14 genes to compare their expression between in tumor and paracancerous tissues or between in rectal adenoma and carcinoma tissues. Of them, copy number and mRNA expression of EFNA1 increased from rectal adenoma to carcinoma, and C13orf27 and PMEPA1 with gains in both adenoma and carcinoma were overexpressed in rectal cancer tissues. These results revealed that copy number increase maybe the reason of expression up-regulation. Interestingly, both mRNA and protein expression of GPNMB was higher in cancer tissues than rectal adenoma tissues.
GPNMB is a type I transmembrane protein and overexpressed in several malignant human tissues relative to the corresponding normal tissues. Ectopic overexpression of GPNMB/osteoactivin can promote the metastasis and invasion of glioma, breast and hepatocellular carcinoma [14] [15] [16] [17] . EFNA1 was overexpressed in hepatocellular carcinoma and can inhibit growth of malignant mesothelioma by phosphorylating EPHA2 [18, 19] . C13orf27 was overexpressed in rectal tumor in our study, but the function of C13orf27 was unknown. PMEPA1 was also identified in our study, which is mapped to 20q13.3 is a TGF-beta inducible gene and encodes a NEDD4 E3 ubiguitin ligase binding protein.
PMEPA1 is over-expressed in prostate, breast, renal cell, stomach and rectal carcinomas [20] [21] [22] . But little is known about the function of PMEPA1, Further study should be conducted to investigate the roles of the above genes in human colorectal cancer.
Loss of 18q is a common event in colorectal cancer, and 18q deletion and loss of SMAD4 expression are associated with liver metastasis. In colorectal cancer, patients with reduced SMAD4 expression frequently presented an unfavorable survival because of liver metastasis [23] [24] [25] [26] . High expression level of SMAD4 reflected significantly longer overall and disease-free survival time than low expression level [27] . Bixiang et al. found that transgenic expression of SMAD4 can significantly reduce the oncogenic potential of MC38 and SW620 cells [28] . Our study confirmed the decreased expression of SMAD4 in rectal cancer.
In summary, we identified EFNA1 (1q), C13orf27 (13q), PMEPA1 (20q), GPNMB (7q) as candidate driving genes of genomic aberrations in rectal cancer. Further study was needed to reveal the mechanisms by which these genes may be involved in the carcinogenesis of the rectum. Figure 4 Expression of genes which were located on the distinct aberrant chromosomal regions in rectal adenoma and carcinoma. N: paracancerous normal tissues; T: rectal cancer tissues.
